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(54) POLYMER ELECTROLYTE TYPE FUEL CELL 



(57) A polymer electrolyte fuel cell of the present in- 
vention includes conductive separator plates compris- 
ing molded plates of a composition comprising a binder, 
conductive carbon particles whose average particle di- 
ameter is not less than 50 am and not more than 1/3 of 
the thickness of the thinnest portion of the conductive 
separator plate, and at least one of conductive carbon 



fine particles and micro-diameter carbon fibers. The. 
separator plates do not require conventional cutting 
processes for gas flow channels, etc. , and can be easily 
mass produced by injection molding and achieve a re- 
duction in the cost. 
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Description 

Technical Field 

5 [0001] The present invention relates to a fuel cell using a polymer electrolyte membrane for use in portable power 
sources, electric vehicle power sources, domestic cogeneration systems, etc. 

Background Art 

w [0002] A fuel cell using a polymer electrolyte membrane generates electric power and heat simultaneously by elec- 
trochemically reacting a fuel gas containing hydrogen and an oxidant gas containing oxygen such as air This fuel cell 
is basically composed of a polymer electrolyte membrane for selectively transporting hydrogen ions; and a pair of 
electrodes, i.e., an anode and a cathode, formed on both surfaces of the polymer electrolyte membrane. The electrode 
usually comprises a catalyst layer which is composed mainly of a carbon powder carrying a platinum group metal 
*5 catalyst and formed on the surface of the polymer electrolyte membrane; and a diffusion layer which has both gas 
permeability and electronic conductivity and is formed on the outer surface of the catalyst layer. 
[0003] In order to prevent the fuel gas and oxidant gas supplied to the electrodes from leaking out or prevent these 
two kinds of gases from mixing together, gaskets are arranged on the periphery of the electrodes with the polymer 
electrolyte membrane therebetween. The gaskets are combined integrally with the electrodes and the polymer elec- 
20 trolyte membrane beforehand. This is called "MEA" (electrolyte membrane-electrode assembly). Disposed outside the 
M EA are conductive separator plates for mechanically securing the M EA and for connecting adjacent ME As electrically 
in series, or in some cases, in parallel. The separator plates have a gas flow channel for supplying a reaction gas to 
the electrode surface and for removing a generated gas and an excess gas, in a portion that comes into contact with 
the MEA. Although the gas flow channel may be provided separately from the separator plates, grooves are usually 
formed on the surfaces of the separator plates to serve as the gas flow channel. Also, a method in which the gas flow 
channel grooves are formed on the electrodes has been proposed, depending on the circumstances. 
[0004] In order to supply the fuel gas and oxidant gas to these grooves, it is necessary to use piping jigs which branch 
respective supply pipes for fuel gas and oxidant gas, according to the number of separator plates to be used, and 
connect the branches directly to the grooves of the separator plates. This jig is called "manifold", and the above- 
30 described type, directly connecting the supply pipes for fuel gas and oxidant gas with the grooves, is called "external 
manifold". A manifold having a simpler structure is called "internal manifold". In the internal manifold, the separator 
plates with the gas flow channels formed thereon are provided with through holes which are connected to the inlet and 
outlet of the gas flow channel such that the fuel gas and oxidant gas are supplied directly from these holes. 
[0005] Since the fuel cell generates heat during operation, it needs cooling with cooling water or the like to keep the 
35 cell under good temperature conditions. Normally, a cooling section for flowing the cooling water therein is formed 
every one to three cells. The cooling section is inserted between the separator plates in one structure, and the cooling 
section is formed by providing the backsides of the separator plates with a cooling water flow channel in the other 
structure. The latter structure is often employed. In a general structure of a cell stack, the MEAs, separator plates and 
cooling sections are alternately stacked to form a stack of 10 to 200 cells, and the resultant stack is sandwiched by 
40 end plates with current collector plates and insulating plates and is clamped with clamping bolts from both sides. 

[0006] In such a polymer electrolyte fuel cell, the separator plates need to have high conductivity, high tightness 
against the fuel gas, and high corrosion resistance against a reaction in hydrogen/oxygen oxidation-reduction. For 
such reasons, conventional separator plates are made from a glassy carbon plate or a dense graphite plate, and 
produced by forming a gas flow channel on the surface thereof by cutting, or by placing an expanded graphite powder 
together with a binder in a press mold with a gas flow channel formed thereon and by heating/baking them after pressing. 
[0007] In recent years, there have been attempts to use a metallic plate such as stainless steel in place of conven- 
tionally used carbon materials. In the case of the separator plate using a metallic plate, however, since the metallic 
plate is exposed to acidic atmosphere at high temperatures, corrosion and dissolution of the metallic plate will occur 
when used in a long time. If the metallic plate is corroded, the electrical resistance in the corroded portion increases, 
50 and the output of the cell decreases. Besides, if the metallic plate is dissolved, the dissolved metal ions diffuse into 
the polymer electrolyte and trapped at the ion exchange site of the polymer electrolyte, and consequently the ionic 
conductivity of the polymer electrolyte decreases. In orderto prevent such deteriorations, the surface of the metal plate 
is normally plated with gold having a certain thickness. Furthermore, separator plates made of a conductive resin 
obtained by mixing a metal powder with an epoxy resin or the like have been examined (for example, Japanese Laid- 
55 Open Unexamined Patent Publication No. 6-333580). 

[0008] As described above, in the conventional method of producing a separator plate by cutting a glassy carbon 
plate or the like, the cost of the material of glassy carbon plate is high, and, further, it is difficult to reduce the cost of 
cutting the glassy carbon plate. In the case of a separator plate produced by pressing expanded graphite, in order to 
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retain the high conductivity of the separator plate, the content of the expanded graphite in the separator plate needs 
to be made 80 wt% or more. Accordingly, there arises a problem in the dynamic strength of the material. Therefore, 
the separator plate sometimes had cracks, which were caused by a deviation of the clamping load of the cell stack 
due to a variation in the thickness of the separator plate, more particularly vibration and impact during driving when 

5 used as the power source of an electric vehicle. If carbon fibers are added, the strength is improved, but it becomes 
difficult to perform injection molding as the flowability of a binder resin decreases. Furthermore, the metallic separator 
plates with gold plating have a problem with the cost of the gold plating. A separator plate made from a conductive 
resin has a lower conductivity compared to glassy carbon and metal plates, and the surface of the resin is hard. There- 
fore, in order to decrease the electric resistance in the portion in contact with the electrode, clamping needs to be 

10 performed at a higher pressure, and thus there is a problem that the cell structure becomes complicated. 

[0009] It is an object of the present invention to provide low-cost conductive separator plates having a low volume 
resistivity by improving conductive separator plates composed of a binder and a conductive material consisting mainly 
of conductive carbon particles. 

[0010] The present invention also provides a method for manufacturing such a conductive separator plate. 

15 

Disclosure of Invention 

[0011] The present invention provides a polymer electrolyte fuel cell comprising conductive separator plates made 
of molded plates of a composition comprising a binder, conductive carbon particles, and at least one of conductive 

20 carbon fine particles and micro-diameter carbon fibers. 

[0012] Here, the average particle diameter of the conductive carbon particles is not less than 50 jxm, and is not more 
than 1/3 of the thickness of the thinnest portion of the conductive separator plate, preferably not more than 200 p.m. 
[0013] Preferred conductive carbon fine particles are carbon fine particles having a peak of the particle si2e distri- 
bution at an average diameter of 30 to 100 nm. 

25 [0014] A preferred conductive micro-diameter carbon fiber is a carbon fiber having a diameter of 10 to 30 nm and a- 
length of 1 to 1 0 p.m. 

[0015] The present invention provides conductive separator plates further comprising a metallic filler. 
[0016] The present invention provides a method for manufacturing a conductive separator plate for use in a polymer 
electrolyte fuel cell, comprising the steps of preparing molding pellets comprising the above-mentioned composition,. 
30 and injection molding the pellets. 

Brief Description of Drawings 

[0017] 

35 

FIG. 1 is a vertical cross sectional view showing an essential part of an M EA used in a fuel cell of one example of. 
the present invention. 

FIG. 2 is a cathode-side front view of a separator plate used in the fuel cell of the same example. 
FIG. 3 is an anode-side front view of the separator plate. 
40 FIG. 4 is a cooling water-side front view of another separator plate used in the fuel cell of the same example. 

FIG. 5 is an anode-side front view of the MEA used in the fuel cell of the same example. 
FIG. 6 is a view showing a change in the output characteristics of a fuel cell of Example 1 with time. 
FIG. 7 is a view showing a change in the output voltage of a fuel cell of Example 3 with time. 

45 Best Mode for Carrying Out the Invention 

[0018] The present invention relates to a polymer electrolyte fuel cell comprising: a hydrogen ion conductive polymer 
electrolyte membrane; a pair of electrodes sandwiching the hydrogen ion conductive polymer electrolyte membrane 
therebetween; and a pair of conductive separator plates including means for supplying and discharging a fuel gas to 
50 and from one of the electrodes and supplying and discharging an oxidant gas to and from the other electrode, wherein 
the conductive separator plates comprise molded plates of a composition comprising a binder, conductive carbon 
particles whose average particle diameter is not less than 50 ^im and not more than 1 /3 of the thickness of the thinnest 
portion of the conductive separator plate, and at least one of conductive carbon fine particles and micro-diameter 
carbon fibers. 

55 [0019] The conductive separator plates of the present invention have a low electric conductivity compared to glassy 
carbon plates and metal plates. However, since these conductive separator plates can be prepared by injection molding, 
there is no need to perform the cutting processes for gas flow channels, etc., which were necessary in the production 
of conventional separator plates, thereby achieving an improvement in the productivity and a reduction in the cost. 
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[0020] By arranging the conductive carbon particles to be 1/3 or less than the thickness of the thinnest portion of the 
conductive separator plate, the moldability is improved, and the gas permeability of the resultant separator plates 



[0021 ] In the conductive separator plates of the present invention, the conductive carbon fine particles and/or micro- 
diameter carbon fibers are dispersed in the binder for bonding the conductive carbon particles together, thereby im- 
parting conductivity to the binder. 

[0022] A preferred conductive carbon particle has a length-to-width ratio (length/width), i.e., an aspect ratio, of not 
less than 2. Typical preferred carbon particles are those having an elongated shape like grains of rice. A composition 
containing such carbon particles flows well during the injection molding of the separator plates. Moreover, the particles 
in the separator plates to be molded can be oriented at random, thereby improving the conductivity of the separator 
plates. 

[0023] In a preferred embodiment of the present invention, the separator plates further comprise a metallic filler. The 
metallic filler performs the function of electrically connecting the carbon particles together. Consequently, the volume 
resistivity of the separator plates becomes lower. 

[0024] Like the conductive carbon particles, a preferred metallic filler is not more than 1/3 of the thickness of the 
thinnest portion of the conductive separator plate, more preferably not more than 200 ujtv The preferred metallic filler 
has a length-to-width ratio of not less than 2. 

[0025] If the metallic filler that is exposed on the surface of separator plate is a material such as silver that is corroded 
in an acidic atmosphere, it is preferable to remove the filler by dissolving, etc. 

[0026] In a preferred embodiment of the present invention, the binder is made of a thermoplastic resin. 
[0027] Examples of the thermoplastic resin are polyethylene, polystyrene, polypropylene, polymethyl methacrylate, 
polyethylene terephthalate, polycarbonate, polyamide, polyimide, polyvinyl alcohol, poiyphenylene sulfide, polyether 
ketone, polyether imide, fluorocarbon resin, ester resin, liquid crystal polymer, aromatic polyester, polyacetal, and 
poiyphenylene ether. 

[0028] In another preferred embodiment of the present invention, the binder is made of a gastight elastic body. 
[0029] The gastight elastic body preferably comprises a polymer elastic body including polyisobutylene represented 
by formula (1) or an ethylene propylene random copolymer represented by formula (2) as a main-chain skeleton. 



where X and Y are polymerizable functional groups, m is an integer not less than 1 : representing the repetition number 
of isobutylene oligomer. 



where X and Y are polymerizable functional groups, and 1 and m are integers not less than 1 . 

[0030] As the conductive carbon particles, for example : natural graphite, artificial graphite, expanded graphite, and 
glassy carbon may be used. As the conductive carbon fine particles, carbon black such as acetylene black, ketjen 
black and mesophase carbon may be used. 

[0031] Typical examples of the conductive micro-diameter carbon fibers are carbon nano-tubes. 
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[0032] Examples of the metallic filler are silver, copper, aluminum, iron, nickel, lead, tin, titanium, zinc, gold, and 
alloys thereof. 

[0033] A preferred composition of the separator plates of the present invention comprises 20 to 45 wt% of binder, 
50 to 74 wt% of conductive carbon particles, 0.5 to 1 0 wt% of conductive carbon fine particles and/or conductive micro- 
5 diameter carbon fibers. 

[0034] In still another preferred embodiment, the composition further comprises 0.5 to 15 wt% of metallic filler. 
[0035] A method for manufacturing a conductive separator plate for use in a polymer electrolyte fuel cell of the present 
invention comprises the steps of preparing molding pellets comprising the above-mentioned composition, and injection 
molding the pellets. 

10 [0036] A molding die used here is preferably made from a material having a low thermal conductivity and a high 
hardness. As the material of the molding die, carbon tool steel (SK material) is generally used from the viewpoint of 
the molding tact and strength. When the molding material is injected into the die,. the molten binder in the molding 
material is rapidly cooled and hardens upon contact with the die with a temperature not higher than the melting point 
thereof. Since normal injection molding materials have a low thermal conductivity, rapid cooling is necessary in order 

15 to increase the molding tact. Therefore, the temperature for holding the die is determined by the die filling performance 
and the molding tact. 

[0037] The composition for the molding of the separator plates of the present invention has a high thermal conduc- 
tivity. Hence, when the composition is injected into the die, its temperature rapidly decreases, the binder in the surface 
portion in contact with the die hardens, and the flow of the material is stopped. Consequently, the composition does 
20 not fill every nook and corner of the die, and a molding defect occurs. Therefore, a material having a low thermal 
conductivity is used as the material of the die and the dissipation of heat from the injected molten binder is delayed, 
thereby delaying the hardening of the binder in the portion in contact with the die and ensuring filling of the die with 
the molding material. 

[0038] The composition for the molding of the separator plates of the present invention comprises a large amount 
25 of conductive filler including carbon particles so as to increase the conductivity. Therefore, the abrasion of the die 
increases. Accordingly, certain hardness is required. 

[0039] Considering the above-mentioned facts, the present invention uses a material that satisfies both a low thermal 
conductivity and a high hardness. Materials having a thermal conductivity of not more than 26 W/m/K and a surface 
hardness HRC of not less than 35 at 100°C are preferred. One of the preferred materials is stainless steel SUS630 

30 Alternatively, it is possible to use a material obtained by coating the surface of carbon tool steel with a ceramic having 
a high hardness and a low thermal conductivity, such as alumina and zirconia. In one example of the method of coating 
alumina, aluminum is deposited on the surface of the base material, i.e., the carbon tool steel, in advance and partially 
diffused into the base material by heating at 500°C, and then oxidized in the air. Thus, an alumina layer closely bonded 
to the base material can be formed. 

35 [0040] In the case where the material for the separator plate contains micro-diameter carbon fibers, if the ends of 
the carbon fibers are arranged to project from the surface of the separator plate, the electrical contact with the gas 
diffusion electrode is improved. In one method for manufacturing such a separator plate, the micro-diameter carbon 
fibers are deposited on the inner surface of the molding die together with a releasing agent and the carbon fibers are 
transferred to the surface of the separator plate to be molded. In another method, the ends of the carbon fibers are 

40 exposed on the surface of the separator plate by burning off the surface portion of the molded separator plate by heating. 
[0041] Next, the following description will explain in further detail a preferred embodiment of the present invention 
using a gastight elastic body as the binder. 

[0042] A conductive gastight elastic body constituting a conductive separator plate is produced, for example, by 
mixing, as conductive materials, carbon nano-tubes as well as conductive carbon particles into an elastic body com- 
^5 prising a polymer represented by formula (1 ) or (2) as a base material. By adding a small amount of carbon nano-tubes 
as the conductive material, such a separator plate can have a sufficient conductivity even when the ratio of the con- 
ductive material in the separator plate is reduced to 75wt% or less. Accordingly, the rigidity of the separator plate is 
improved, and cracks in the separator plate due to vibration can be significantly reduced. 

[0043] Since the surface of the separator plate comprising the conductive gastight elastic body has flexibility and 
50 elasticity, even if the clamping load of cell stack is decreased, it is possible to significantly reduce the contact resistance 
between the separator plates and the electrodes and between the separator plates. In some cell structure, since the 
separator plates themselves have flexibility and elasticity, gaskets to be provided on the periphery of the electrodes 
are not particularly necessary, and the gas seal between the separator plates and the ME A can be directly provided 
by the surfaces of the separator plates. It is therefore possible to decrease the direct material cost and the manufacturing 
55 processes by a reduction in the number of component parts. Moreover, even when this separator plate is vibrated in 
the state where the cell stack pressure is being applied, it will never have cracks like carbon plates. Furthermore, by 
selecting a base material and a conductive material for the conductive gastight elastic body, the separator plate will 
never have corrosion under an acidic atmosphere, which occurs on metal separator plates. 
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[0044] It is also possible to add a vulcanizing agent having no sulfur components. 

[0045] The present inventors looked for a base material that specifically satisfies the above-mentioned requirements, . 
and found that a polymer elastic body comprising polyisobutylene represented by the formula (1) or an ethylene pro- 
pylene random copolymer represented by the formula (2) as a main-chain skeleton is particularly suitable for the ma- 

5 terial of the separator plate having excellent gastightness, acid resistance and heat resistance. 

[0046] The polymer elastic body comprising the formula (1) or (2) as a main-chain skeleton can realize an optimum 
elasticity for the separator plates of the polymer electrolyte fuel cell by selecting the degree of polymerization. A con- 
ductive material is mixed into the resin or polymer elastic body in a liquid state before polymerization, and the resultant 
mixture is molded into a sheet form and hardened by application of heat or an electron beam. Moreover, it is possible 

10 to form grooves for supplying fluids such as a fuel gas when molding the mixture into a sheet form. In this aspect, the 
processing steps during the manufacture of the separator plates can be significantly reduced compared to the con- 
ventional carbon plates and metal plates. 

[0047] The polymer represented by the formula (1 ) shown above is such one as made in a manner that isobutylene 
oligomers each, as one unit, having a repetition number m and having terminal functional groups X and Y added thereto 
are cross-linked at the terminal functional groups. When allyl groups, acryloyl groups, methacryloyl groups, isocyanate 
groups, or epoxy groups are used as X and Y, and these functional groups are made crosslink points, post-polymeri- 
zation polymers are cross-linked in a matrix form to have a network structure as these functional groups are polyfunc- 
tional groups. The physical properties of the polymers are largely affected by the repetition number m of isobutylene 
oligomer in the stage of raw material, contained in the polymer material represented by the formula (1), the final po- 
20 lymerization degree, and the kinds of the terminal functional groups. 

[0048] According to the results of examination by the present inventors, when this material is used for the material 
of the conductive separator plates of the polymer electrolyte fuel cell, the repetition number m of isobutylene oligomer 
in the stage of raw material is preferably between 56 and 72, and 64 on average, while the final polymerization degree 
is preferably 8000 or more. In addition, the ratio of the content of the terminal functional groups X and Y is preferably 
25 as small as possible from the viewpoint of stability and acid resistance. 

[0049] As the terminal functional groups X and Y in the ethylene propylene random copolymer represented by the 
formula (2) above, diene groups, triene groups, diolefine groups, polyalkenyl cycloalkane groups, norbornene deriva- 
tives, acryloyl groups, methacryloyl groups, isocyanate groups, epoxy groups, or the like are used, and the material 
can be hardened by a suitable polymerization reaction. When the terminal functional groups are diene groups, acryloyl 
30 groups or methacryloyl groups, the material can be hardened by electron beam irradiation. When the terminal functional 
groups are isocyanate groups, the material can be hardened by urethane bonding with the aid of water. When the 
terminal functional groups are epoxy groups, the material can be hardened by heating using a known amine based 
hardener such as ethyl diamine. The physical properties of the polymer are affected by 1 and m in the formula (2), the 
overall polymerization degree 1 + m, and the terminal functional groups. It is preferred that 1 is not more than 1000, 
35 m is not more than 19000, and 1 + m is between 5000 and 20000. 

[0050] As the conductive material to be mixed into the polymer elastic body that is the base material comprising the 
polyisobutylene represented by the formula (1 ) or the ethylene propylene random copolymer represented by theformula 
(2) as the main-chain skeleton, various kinds of conductive carbon powders and fibers as well as carbon nano-tubes 
are suitably used. These conductive materials preferably contain carbon particles with an average particle diameter 
40 of 1 0 to 200 ujn. By containing large carbon particles with an average particle diameter of 1 0 urn or more, the contact 
resistance between the carbon particles can be reduced. Besides, large particles exceeding 200 u.m are not preferred 
because the flowability of the carbon particles deteriorates during molding. 50 to 1 00 ujti particles are most preferred. 
An appropriate ratio of the content of the conductive material in a conductive polymer elastic body obtained by mixing 
the conductive material is 55 to 75 wt%, and an appropriate ratio of the carbon nano-tubes in the conductive material 
45 is 2 to 50 wt%. When the ratio of the carbon nano-tubes is less than 2 wt%, the contact between the carbon nano- 
tubes is not sufficient, and therefore the effect of improving the conductivity is small. Moreover, since the carbon nano- 
tubes are expensive, it is disadvantages to use the carbon nano-tubes in an amount exceeding 50 wt%. 
[0051] A preferred composition for molding the separator plates of the present invention comprises a binder, con- 
ductive carbon particles with a diameter of 50 to 200 u.m, and carbon nano-tubes. When pellets or particulate matter 
prepared from this composition are injection molded, the conductive carbon particles are stacked in layers with high 
density, and the carbon nano-tubes are present at random around the conductive carbon particles. In general, the 
volume resistivity of the separator plate tends to increase as the number of layers of the conductive carbon particles 
increases. By increasing the average particle diameter of the conductive carbon particles, it is possible to reduce the 
number of the layers. However, since the number of contact points between the carbon particles is also reduced, a 
55 significant effect can not be expected in reducing the volume resistivity. In the present invention, since the carbon nano- 
tube is present between the conductive carbon particles, the number of contact points between the carbon particles 
increases, and the volume resistivity is significantly decreased. Besides, when the composition containing such large 
carbon particles and carbon nano-tubes in the form of short fibers is injection molded, the carbon particles and the 
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carbon nano-tubes collide with each other when injected, and the direction of the major axis of the carbon nano-tubes 
tends to be random. Therefore, the anisotropy of the resistance which occurs due to the orientation of the carbon fibers 
can be solved, and excellent electric conductivity can be obtained in both the plane direction and thickness direction 
of the separator plates. 

5 [0052] The following description will explain an embodiment of the present invention with reference to the drawings. 
[0053] FIG. 1 is a vertical cross sectional view of the essential part, showing the structure of an MEA. 11 is a gas 
diffusion layer made of carbon paper, 12 is a catalyst layer formed on one surface of the gas diffusion layer 11 , and 
the combination of the gas diffusion layer 11 and the catalyst layer 12 is called an electrode 13. By sandwiching a 
polymer electrolyte membrane 14 between a pair of the electrodes, an MEA 15 is constructed. 

10 [0054] FIG. 2 is a front view of a conductive separator plate, seen from the cathode side, and FIG. 3 is a rear view 
thereof, i.e. a front view seen from the anode side. This conductive separator plate 20 serves as a cathode-side con- 
ductive separator plate and an anode-side conductive separator plate. The conductive separator plate 20 has, on one 
end thereof, an inlet-side manifold aperture 23a for an oxidant gas, an inlet-side manifold aperture 24a for a fuel gas, 
and an inlet-side manifold aperture 25a for cooling water, and has, on the other end thereof, an outlet-side manifold 

15 aperture 23b for the oxidant gas, an inlet-side manifold aperture 24b for the fuel gas, and an outlet-side manifold 
aperture 25b for the cooling water. The separator plate 20 has a groove 26 formed to run from the manifold aperture 
23a to 23b on a surface thereof facing the cathode. Provided in the groove are a rib 27 for parting the separator plate 
20 in the middle, and a group of ribs 28 for forming a plurality of parallel gas flow channels 29. 

[0055] On the other hand, the separator plate 20 has a groove 30 formed to run from the manifold aperture 24a to 
20 24b on a surface thereof facing the anode. Provided in the groove are a rib 31 for parting the separator plate 20 in the 
middle, and a group of ribs 32 for forming a plurality of parallel gas flow channels 33. 

[0056] The conductive separator plate 20 illustrated here is to be inserted between unit cells, and the cathode-side 
separator plate positioned on one end of a cell stack, which is obtained by stacking a plurality of unit cells, has gas 
flow channels as shown in FIG. 2 on one surface thereof, but has a plane surface on the other surface. Besides, the 
25 anode-side separator plate positioned on the other end of the cell stack has gas flow channels as shown in FIG. 3 on- 
one surface thereof, but has a plane surface on the other surface. 

[0057] FIG. 4 is a front view of a surface of a conductive separator plate, having a cooling water flow channel. Like 
the separator plate 20, this conductive separator plate 41 has, on one end thereof, an inlet-side manifold aperture 43a 
for the oxidant gas, an inlet-side manifold aperture 44a for the fuel gas, and an inlet-side manifold aperture 45a for the 
30 < cooling water, and has, on the other end thereof, an outlet-side manifold aperture 43b for the oxidant gas, an inlet-side 
manifold aperture 44b for the fuel gas, and an outlet-side manifold aperture 45b for the cooling water. The separator 
plate 41 has, on one surface thereof, a groove 46 running from the manifold aperture 45a to 45b to form the cooling 
water flow channel, and a plurality of circular ribs 47 provided in the groove 47. 

[0058] A pair of the conductive separator plates 41 is joined together so that their surfaces having the cooling water 
35 flow channels 46 face each other, so that a cooling section for passing the cooling water is formed between them. 
Moreover, like FIG. 2, an oxidant gas flow channel running from the inlet-side manifold aperture 43a to the manifold 
aperture 43b is formed on the rear surface of one of the separator plates, while, like FIG. 3, a fuel gas flow channel 
running from the inlet-side manifold aperture 44a to the manifold aperture 44b is formed on the rear surface of the 
other separator plate. 

40 [0059] FIG. 5 is a front view of an MEA. The MEA 50 comprises a polymer electrolyte membrane 51 , and electrodes 
52 sandwiching the polymer electrolyte membrane 51 therebetween. The polymer electrolyte membrane 51 has, on 
one end thereof, an inlet-side manifold aperture 53a for the oxidant gas, an inlet-side manifold aperture 54a for the 
fuel gas, and an inlet-side manifold aperture 55a for the cooling water, and has, on the other end thereof, an outlet- 
side manifold aperture 53b for the oxidant gas, an outlet-side manifold aperture 54b for the fuel gas, and an outlet- 
's side manifold aperture 55b for the cooling water. 

[0060] In the examples illustrated below, 50 cells were stacked by stacking the MEAs 50 shown in FIG. 5 with the 
separator plate 20 therebetween and inserting a pair of separator plates 41 for forming the cooling section every two 
cells. 

[0061] The following description will explain some examples of the present invention with reference to the drawings. 

50 

Example 1 

[0062] First, an electrode catalyst was prepared by causing a carbon black powder to carry platinum particles with 
an average particle diameter of 30 A in a weight ratio of 50:50. A dispersion of a perfluorocarbon sulfonic acid repre- 
ss sented by the formula (3) in an ethyl alcohol was mixed with a dispersion of this catalyst powder in isopropanaol so as 
to form a catalyst paste. 
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where m = 1,n = 2, 5^x^ 13.5, y = 1000. 

[0063] Meanwhile, a water repellent treatment was applied to a carbon paper to be a supporting body for the elec- 
trode. After soaking a carbon nonwoven fabric with outer dimensions of 8 cm x 10 cm and a thickness of 360 |im 
(TGP-H-120 manufactured by Toray Industries Inc.) in an aqueous dispersion of fluorocarbon resin (Neoflon ND1 
manufactured by DAIKIN INDUSTRIES, LTD.), the carbon nonwoven fabric was dried and heated for 30 minutes at 
400°C to impart water repellency. By applying the catalyst paste to one surface of this carbon nonwoven fabric by a 
screen printing method, a catalyst layer was formed. A part of the catalyst layer is buried in the carbon nonwoven 
fabric. In this manner, the electrode composed of the catalyst layer and the carbon nonwoven fabric was produced. 
Adjustments were made so that the amounts of platinum and perfluorocarbon sulfonic acid contained in the electrode 
were both 0.3 mg/cm 2 

[0064] Next, a pair of the electrodes was joined to the front and rear surfaces of a hydrogen ion conductive polymer 
electrolyte membrane with outer dimensions of 10 cm x 20 cm by hot pressing so that the catalyst layers came into 
contact with the electrolyte membrane. This is called an electrolyte membrane-electrolyte assembly (MEA). Here, as 
the hydrogen ion conductive polymer electrolyte membrane, a 30 u.m-thick thin film of perfluorocarbon sulfonic acid 
represented by the formula (3)(where m = 1 , n = 2, 5^ x ^ 1 3.5, y % 1 000) was used. 

[0065] Next, the following description will explain a conductive separator plate comprising a conductive gastight 
elastic body having an acid resistance. 

[0066] A liquid raw material represented by the formula (1), where the repetition number m of isobutylene oligomer 
is 56 to 72, 64 on average, and the functional groups X and Y are both isoprene, was prepared. 1 00 g of the liquid raw 
material was mixed with conductive materials of 1 5 g of carbon nano-tubes, 1 00 g of a graphite powder with an average 
particle diameter of 80 p.m, 50 g of a graphite powder with an average particle diameter of 1 urn or less, and 50 g of 
fibrous graphite (with an average diameter of 50 ^m and an average length of 0.5 mm), and 200 g of methyl ethyl 
ketone was added to the mixture for viscosity adjustment. The mixture was mixed sufficiently to prepare a formulated 
concentrate for the separator plate. This formulated concentrate was poured into a die made of stainless steel and 
kept at 50°C under a reduced pressure of an atmospheric pressure of 0.2 for one hour so as to volatilize the methyl 
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ethyl ketone. Next, an acceleration voltage of 500 keV and an electron beam with an exposure of 50 Mrad were applied 
to the mixture so as to polymerizethe isoprene in the ends of the isobutylene oligomer, thereby producing the conductive 
separator plate. The degree of polymerization was about 10000. 

[0067] When the repetition number m of isobutylene oligomer of the raw material was made smaller than 56, the 
5 resultant sheet after polymerization was hard, and it was therefore necessary to increase the clamping pressure in 
assembling the cell in order to lower the contact resistance with the MEA. On the other hand, when m was made larger 
than 72, the sheet became too soft and the grooves of gas flow channel on the surface of separator plate were squashed 
by the clamping pressure during the assembly of the cell. The influence by the degree of polymerization was examined 
by controlling the exposure of the electron beam to the raw material. As a result, when the degree of polymerization 
10 was smaller than 5000, the resultant sheet was too soft and the grooves of gas flow channel were squashed like the 
above. 

[0068] Besides, it was confirmed that one obtained by using allyl groups, acryloyl groups, methacryloyl groups., iso- 
cyanate groups, or epoxy groups other than isoprene as the terminal functional groups and hardening the material by 
a suitable polymerization reaction can be used in the same manner. Note that, when acryloyl groups or methacryloyl 

is groups were used as the terminal functional groups, the material was hardened by electron beam irradiation like the 
above; when isocyanate groups were used, the material was hardened by urethane bonding with the aid of water; or 
when epoxy groups were used, the material was hardened by heating using a known amine-based hardener such as 
ethyl diamine. In these cases, like the case where the functional groups are allyl groups; when the repetition number 
m of isobutylene oligomer in the raw material stage, contained in the structure represented by the formula (1 ), was 56 

20 to 72 and the final polymerization degree was 8000 or more, a suitable material for the separator plate was obtained. 
[0069] In the manner described above, the conductive separator plate 20 and the conductive separator plates 41 
forming the cooling section shown in FIGS. 2 through 4 were produced. During the production of the separator plate, 
the die made of stainless steel was processed so as to enable the formation of the gas flow channel grooves and 
manifold apertures in the separator plates, and therefore it is not necessary to perform post-processing, such as cutting 

25 and press punching, after removing the separator plate from the die. 

[0070] The conductive separator plate has a size of 1 0 cm x 20 cm and a thickness of 2 mm. The grooves 29 and 
33 of the separator plate 20 have a width of 2 mm and a depth of 0.7 mm, and each of the ribs 28 and 33 between the 
grooves has a width of 1 mm. The depth of the groove 46 of the separator plates 41 is 0.7 mm. Besides, this example 
employed a gas sealing method in which the outer peripheral edge of the separator plate and the peripheral edges of 

30 the manifold apertures (except portions connected with the gas flow channels) were made higher than the electrode 
contact surface, i.e.. the top faces of the ribs 28 and 32, by 0.3 mm, and the polymer electrolyte membrane was 
sandwiched between the heightened portions. Therefore, in the cell of this example, a gasket was not provided on the 
periphery of the electrode on the MEA side. 

[0071] With the use of the above-described MEA and separator plates, a cell stack was assembled by stacking 50 
35 cells. On both ends of the cell stack, current collector plates of stainless steel, insulating plates and end plates were 
stacked and fixed with clamping rods. The clamping pressure per area of the separator plate was 3 kgf/cm 2 . Compared 
to a fuel cell using conventional carbon separator plates that requires a high clamping pressure of about 20 kgf/cm 2 , 
predetermined characteristics were obtained with a small pressure according to the present invention. However, when 
a pressure smaller than this pressure was used, gas leakage occurred, the contact resistance increased, and the cell 
40 performance deteriorated. On the other hand, when the cell stack was clamped too tightly, the protruding parts of the 
separator plates were squashed and the flow of gases and cooling water was impaired, and consequently the cell 
performance also deteriorated. In other words, it was important to adjust the clamping pressure by the elasticity of the 
conductive separator plates. 

[0072] The polymer electrolyte fuel cell of this example thus produced was held at 80°C, and a hydrogen gas hu- 
45 midified and heated to a dew point of 80°C was supplied to the anode, while the air humidified and heated to a dew 
point of 70°C was supplied to the cathode. As a result, an open circuit voltage of 50 V was obtained during no load at 
which a current is not output to the outside. 

[0073] FIG. 16 shows the change in the output characteristics with time when a continuous power generation test 
was performed under the condition that the fuel gas utilization ratio was 80%, the oxygen utilization ratio was 50% and 
50 the current density was 0.5 A/cm 2 . As a result, it was confirmed that the cell of this example maintained a cell output 
of 1 000 W (22 V - 45 A) over 8000 hours. 

[0074] Additionally, since the cell of this example was constructed by sandwiching the electrode sheet between the 
separator plates having elasticity, it was particularly strong against vibration and impact. When a cell composed of 
conventional carbon separator plates was dropped from a height of 2 m, the separator plates cracked after about one 
55 drop, while the cell of this example did not have unrecoverable damage, except that the rod in the clamped section 
was loosened, even after performing the drop test 100 times. 
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Example 2 

[0075] In the above-mentioned example, while the material including polyisobutylene as a main-chain skeleton was 
used as the conductive gastight elastic body for producing the separator plates, Example 2 used a materia! prepared 
by mixing a conductive material into a base material that is a polymer elastic body including an ethylene propylene 
random copolymer represented by the formula (2) as a main-chain skeleton. 

[0076] A liquid oligomer including the ethylene propylene random copolymer represented by the formula (2), where 
the terminal groups X and Y were diene groups, the copolymerization ratio was 1 : m = 1 : 1 , and 1 + m was about 60, 
was prepared. 20 g of carbon nano-tubes, 1 00 g of a graphite powder with an average particle diameter of 70 u,m, 50 
g of a carbon black powder, and 30 g of fibrous graphite (with an average diameter of 50 urn and an average length 
of 0.5 mm) were sufficiently mixed into 1 00 g of the prepared liquid oligomer so as to produce a formulated concentrate 
for the separator plate. This formulated concentrate was injection molded in a die made of stainless steel kept at 1 60°C, 
and then held for 10 minutes for vulcanization, thereby producing the conductive separator plate. The degree of po- 
lymerization 1 + m was about 7000. 

[0077] Note that, when the degree of polymerization was made larger than 20000, the resultant sheet was too hard, 
and it was therefore necessary to increase the clamping pressure in assembling the cell in order to lower the contact 
resistance with the MEA. On the other hand, when the degree of polymerization was made smaller than 4000, the 
sheet became too soft and the grooves of gas flow channel on the surface of separator plate were squashed with the 
clamping pressure during the assembly of the cell. Furthermore, the influence of the degree of polymerization was 
examined by controlling the exposure of the electron beam, and consequently it was found that, when the degree of 
polymerization was smaller than 5000, the resultant sheet was too soft and the grooves of gas flow channel were 
squashed like the above. 

[0078] In addition, it was confirmed that materials which have triene groups, diolefine groups, polyalkenyl cycloalkane 
groups, nobornene derivatives, acryloyl groups, methacryloyl groups, isocyanate groups, or epoxy groups as the ter- 
minal functional groups in place of the diene groups and hardened by a suitable polymerization reaction can be used 
in the same manner. Note that, when the acryloyl groups or methacryloyl groups were used as the terminal functional 
groups, the material was hardened by electron beam irradiation like the above; when the isocyanate groups were used, 
the material was hardened by urethane bonding with the aid of water; or when the epoxy groups were used, the material 
was hardened by heating using a known amine-based hardener such as ethyl diamine. 
30 [0079] With the use of the above-mentioned separator plates, a cell similar to Example 1 was assembled, and the 
characteristics thereof were evaluated under the same conditions as in Example 1 . As a result, it was confirmed that 
the cell had the characteristics as good as those of the cell of Example 1 . Moreover, the cell had excellent vibration 
resistance and impact resistance like the cell of Example 1 . 

35 Example 3 

[0080] As the electrode catalyst for forming the catalyst layer one comprising an acetylene black powder carrying 
platinum particles with an average particle diameter of about 30 A in a weight ratio of 75:25 was used. The electrolyte 
membrane had a film thickness of 50 u,m, and the amounts of platinum and perfluorocarbon sulfonic acid contained in 
40 the catalyst layer were 0.5 mg/cm 2 and 1 .2 mg/cm 2 , respectively. Except for the above-mentioned conditions, the M EA 
was produced in the same manner as in Example 1 . 

[0081] Next, the conductive separator plates were produced as follows. Pellets for the separator plates were pro- 
duced by sufficiently heating and kneading 20 g of polypheny lene sulfide as a binder, 75 g of conductive carbon particles 
with an average particle diameter of 50 to 200 um, and 5 g of carbon nano-tubes with a fiber diameter of 10 nm to 30 
45 nm and a fiber length of 1 to 10 urn The pellets were put into an injection molding machine, and injection molded in a 
predetermined die to produce the conductive separator plate. The injection pressure was 1600 kgf/cm 2 , the die tem- 
perature was 150°C, and the molding time was 20 seconds. 

[0082] In the above-described method, the conductive separator plates 20 and 41 shown in FIGS. 2 through 4 were 
produced. The conductive separator plates have a size of 10 cm x 20 cm and a thickness of 4 mm. The grooves 29 
50 and 33 of the separator plate 20 have a width of 2 mm and a depth of 1 .5 mm, and each of the ribs 28 and 32 between 
the grooves has a width of 1 mm. The depth of the grooves 46 of the separator plates 41 is 1 .5 mm. 
[0083] Table 1 shows the results of measuring the volume resistivity of the resultant separator plates. Compared to 
a separator plate produced from a composition containing no carbon nano-tubes, the volume resistivity of the separator 
plates of this example was reduced to 1/100 or less, and was not higher than 20 mo -cm. 
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Table 1 



No. 


1-1 


1-2 


Composition 
(wt%) 


Binder 


20 


20 


Carbon particles 


80 


75 


Carbon nano- tubes 


0 


5 


Volume specific resistance (mO*cm) 


2060 


20 



[0084] With the use of the above-described MEA and separator plates, a cell stack was assembled by stacking 50 
cells in the same manner as in Example 1 . However, the clamping force of the cell stack per area of the separator plate 
is was 10 kgf/cm 2 . 

[0085] The polymer electrolyte fuel cell of this example thus produced was held at 85°C, and a hydrogen gas hu- 
midified and heated to a dew point of 83°C was supplied to the anode, while the air humidified and heated to a dew 
point of 78°C was supplied to the cathode. As a result, an open circuit voltage of 50 V was obtained during no load at 
which a current is not output to the outside. 
20 [0086] A continuous power generation test was performed under the conditions that the fuel gas utilization ratio was 
80%, the oxygen utilization ratio was 40% and the current density was 0.5 A/cm 2 . The change in the output voltage 
with time is shown in FIG. 7. It was confirmed that the cell of this example maintained a cell output not lower than 0.5 
V in average voltage over 8000 hours. 



25 Example 4 

[0087] With the use of seven kinds of compositions containing the binder and carbon nano-tubes in different amounts, 
separator plates were injection molded under the same conditions as in Example 3. The moldability and volume resis- 
tivity of the separator plates are shown in Table 2. 



Table 2 



No. 


2-1 


2-2 


2-3 


2-4 


2-5 


2-6 


2-7 


2-8 


Composition 
(wt%) 


Binder 


15 


25 


35 


25 


25 


25 


25 


45 


Carbon 
particles 


80 


70 


60 


70 


74.5 


65 


55 


50 


Carbon 
nano- 
tubes 


5 


5 


5 


0 


0.5 


10 


20 


5 


Carbon 
fibers 
(60-70nm) 


0 


0 


0 


5 


0 


O 


0 


0 


Volume specific 
resistance (n»0- cm) 




22 


70 




30 


18 


18 


500 


Moldability 


X 


0 


© 


X 


o 


o 


A 


© 
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[0088] When the amount of the binder was less than 20 wt%, the flowability during injection deteriorated extremely, 
and injection molding was difficult. When the amount of the binder exceeded 40 wt%, the moldability was improved, 
but the volume resistivity of the molded separator plate deteriorated extremely. When the amount of carbon nano-tubes 
was within a range of 0.5 wt% to 10 wt%, a reduction in the volume resistivity of the resultant separator plates was 
5 significant. However, even when the amount of carbon nano-tubes was increased to 10 wt% or more, the effect of 
reducing the volume resistivity was small. When other carbon fibers (with a fiber length of 60 to 70 jxm) were mixed 
instead of the carbon nano-tubes, the flowability of the composition deteriorated extremely, and injection molding was 
difficult. 

[0089] Based on the results, as a preferred composition, molding pellets were produced by sufficiently heating and 
10 kneading 25 wt% of polyphenylene sulfide as a binder, 70 wt% of conductive carbon particles with an average particle 
diameter of 50 to 200 urn, and 5 wt% of carbon nano-tubes with a fiber-diameter of 10 to 30 nm and a fiber length of 
1 to 10 u,m. The pellets were charged into the injection molding machine, and injection molded in the predetermined 
die to produce the conductive separator plate. The injection pressure was 1600 kgf/cm 2 , the die temperature was 
150°C, and the molding time was 20 seconds. 
*5 [0090] With the use of the separator plates thus produced, a cell stack was assembled in the same manner as in 
Example 3, and the characteristics thereof were evaluated under the same conditions as in Example 3. As a result, it 
was confirmed that the cell of Example 4 had the characteristics as good as those of the cell of Example 3. Moreover, 
the separator plates of Example 4 had superior toughness, abrasion resistance and impact resistance compared to 
the separator plates of Example 3. 
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Example 5 



[0091] In this example, the molding pellets of Example 4 were used, but a fluorine-based releasing agent and carbon 
nano-tubes were applied to the surface of the die for injection molding in advance. The carbon nano-tubes transferred 

25 from the die were bonded to the surface of the separator plate molded under the same conditions as in Example 4, 
and the most part of the carbon nano-tubes protruded from the surface of the carbon separator plate. With the use of 
such a separator plate, it is possible to increase the contact point between the separator plate and the gas diffusion 
layer, thereby significantly reducing the contact resistance. Moreover, by treating the surface of a separator plate that 
was produced by ordinary injection molding, at about 500°C to remove the resin layer from the surface, the carbon 

30 nano-tubes protrude from the surface of the separator plate in the same manner, and the effect of reducing the contact 
resistance is obtained. The separator plates according to Example 5 had superior toughness, abrasion resistance and 
impact resistance compared to the separator plates of Example 3. 



Example 6 



[0092] In this example, molding pellets comprising compositions containing various kinds of conductive carbon par- 
ticles having different length/width and metallic filler were produced, and separator plates were produced by injection 
molding the molding pellets. The injection pressure was 1 000 kgf/cm 2 , the die temperature was 1 50°C, and the molding 
time was 20 seconds. The molded separator plates were immersed in a 3% hydrochloric acid aqueous solution for two 
40 hours, and then washed with water and dried to remove the silver powder exposed on the surfaces. When the cross 
sections of the separator plates were observed, the silver powder was present between the carbon particles in the 
separator plates, and the silver powder particles were not continuously connected to each other. Further, it was con- 
firmed that only the silver powder exposed on the surfaces had been removed. 

[0093] Table 3 shows the volume resistivity of the separator plates produced as described above and the moldability. 
45 with the addition of the metallic filler, even when the amount of the binder was increased, the separator plates had 
similar volume resistivity, and improved moldability compared to the separator plates containing no metallic filler. It is 
thus clear that the addition of metallic filler has an advantageous effect. With the use of a filler comprising conductive 
carbon particles or silver powder whose width exceeds 200 ^im, the material has a filling defect in the thinnest portion 
of the molded separator plate. Therefore, there are problems in the moldability and the gas permeability of the resultant 
separator plate. For example, in the separator plate shown in FIGS. 2 and 3, the thinnest portion is a portion having 
the gas flow channel 29 on one surface and the gas flow channel 33 on the other surface. The thickness of the thinnest 
portion is 0.6 mm in the separator plate of Example 1, and 1 .0 mm in the separator plate of Example 3. It was thus 
found that the diameter of the filler should preferably be set to a value which is not greater than 1/3 of the thinnest 
portion of the separator plate and not greater than about 200 u_m. 



12 

BNSDOCID: <EP 1351329A1 J_> 



EP 1 351 329 A1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



l 

ro 



i 

ro 



oo 
i 

CO 



i 

co 



i 

ro 



m 
i 

CO 



I 



O 
ro 



I 



r* 



O 
2 



H 
(D 

6S 
-H 
CO 



O 



o 
m 



© 
m 



o 
m 



o 
in 



o 



o 



o 



o 



o 
o 



o 
o 
ro 



<9 

—I ^ 

O -H 4J £ 

& 13 § 2 M. 



O 
CO 



o 

CO 



o 
ro 



o 
ro 



o 
in 



m 



X 



in 



in 
rM 



o 

ro 



O 
o 



o 



o 



o 



o 



o 
m 



o 
o 



o 
o 

CM 

o 
o 



o 
m 

CM 

o 
o 
in 



o 
Oi 

u !c 

■h n ^ a. 



o 



CO 

o — 

n 



s 

c 

«5 
■P 
CO 
•H 
Of) 
D 
M 

O 
•H 
*W 
-H 
O 
0) 
Qi 



■S 

H 
O 



13 



MSDOCID: <EP 1351329A1_L> 



EP 1 351 329 A1 



Example 7 

[0094] In this example, molding pellets comprising compositions containing various kinds of conductive carbon par- 
ticles having different particle size distribution and conductive carbon fine particles were prepared, and separator plates 
were produced by injection molding the molding pellets under the same conditions as in Example 6. Table 4 shows 
the moldability and the volume resistivity of the resultant separator plates. 

[0095] When the peak of the particle size distribution of the conductive carbon particles exceeded an average diam- 
eter of 200 fim, a molding defect occurs in the thinnest portion of the separator plate, and consequently there arises 
a problem of gas permeability. When the peak of the particle size distribution of the conductive carbon particles is less 
than an average diameter of 50 u,m, the volume resistivity deteriorates. However, it was found that it is possible to 
significantly lower the volume resistivity by mixing carbon fine particles that have the peak of the particle size distribution 
at an average diameter of 30 to 100 nm-with carbon particles having the peak of the particle size distribution at an 
average diameter of 50 to 200 nm. The fine particles used here were ketjen black manufactured by LION CORPORA- 
TION. 

[0096] According to the results, an example of the preferred composition of molding pellets comprises 40 wt% of 
polyphenylene sulfide as the binder, 50 wt% of conductive carbon particles with an average diameter of 50 to 200 u,m, 
6 wt% of silver powder with a length of 100 to 250 \im and a width not more than 50 ^m, and 4 wt% of ketchen black 
(manufactured by LION CORPORATION.). 

Example 8 

[0097] In this example, molding pellets comprising compositions containing conductive carbon particles having a 
preferred particle size distribution were produced, and separator plates were molded under the same conditions as in 
Example 6. Table 5 shows the moldability and the volume resistivity of the resultant separator plates. 
[0098] When the amount of the binder was less than 20 wt%, the flowability during injection deteriorated extremely, 
and injection molding was difficult. When the amount of the binder was 45 wt% or more, the moldability improved, but 
the volume resistivity of the resultant separator plates deteriorated extremely. Further, when 0.5 to 15 wt% of metallic 
filler was mixed, a significant reduction in the volume resistivity was observed. However, even when the amount of the 
metallic filler was increased to 15 wt% or more, the effect does not change. In order to reduce the influence of outflow 
of metal ions, it is preferable to set the upper limit of the silver powder to 1 5 wt%. When 0.5 to 1 0 wt% of conductive 
carbon fine particles with an average diameter of 30 to 100 nm were mixed, a significant reduction in the volume 
resistivity was observed. However, even when the amount of the carbon fine particles was increased to 10 wt% or 
more, the effect does not change. Since the carbon fine particles have a small bulk density, it is difficult to evenly 
disperse and mix the carbon fine particles. It is therefore preferable to set the upper limit of the carbon fine particle to 
10wt%. 

[0099] According to the results, an example of the preferred composition of molding pellets comprises 40 wt% of 
polyphenylene sulfide as the binder 50 wt% of conductive carbon particles with an average particle diameter of 50 to 
200 n.m, 4 wt% of conductive carbon fine particles with an average diameter of 30 to 100 u.m, and 6 wt% of silver 
powder as the metallic filler. 

[0100] The molded separator plates were immersed in a 3% hydrochloric acid aqueous solution for two hours, and 
then washed with water and dried to remove the silver powder exposed on the surfaces thereof. 
[0101] Fuel cells were assembled using the separator plates produced from the pellets having the preferred com- 
positions of Examples 7 and 8. These fuel cells similar to that of Example 3 exhibited substantially the same charac- 
teristics as the fuel cell of Example 3, under the same conditions. 
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Industrial Applicability 

[01 02] According to the present invention , it is possible to produce separator plates by injection molding a composition 
containing a binder composed of a thermoplastic resin, instead of a conventional technique of cutting carbon plates, 
thereby achieving a significant reduction in the cost. Moreover, it is possible to minimize the increase in the volume 
resistivity. Furthermore, the separator plates have toughness, abrasion resistance and impact resistance, and contrib- 
ute to an improvement in the yield of the assembly of fuel cells. 



Claims 

1 . A polymer electrolyte fuel cell comprising: 

a hydrogen ion conductive polymer electrolyte membrane; 

a pair of electrodes sandwiching said hydrogen ion conductive polymer electrolyte membrane therebetween; 
and 

a pair of conductive separator plates including means for supplying and discharging a fuel gas to and from 
one of said electrodes and supplying and discharging an oxidant gas to and from the other electrode, 

wherein said conductive separator plates comprise molded plates of a composition comprising a binder, 
conductive carbon particles whose average particle diameter is not less than 50 jam and not more than 1/3 of a 
thickness of a thinnest portion of said conductive separator plate, and at least one of conductive carbon fine par- 
ticles and micro-diameter carbon fibers. 

2. The polymer electrolyte fuel cell as set forth in claim 1 : wherein said micro-diameter carbon fibers are carbon fibers 
with a diameter of 1 0 to 30 nm and a length of 1 to 1 0 u,m. 

3. The polymer electrolyte fuel cell as set forth in claim 1 , wherein said carbon fine particles have a peak of particle 
size distribution at an average diameter of 30 to 100 nm. 

4. The polymer electrolyte fuel cell as set forth in claim 1 , wherein said composition further comprises a metallic filler. 

5. The polymer electrolyte fuel cell as set forth in claim 4, wherein said metallic filler has a length-to-width ratio of not 
less than 2, and the width is not more than 1/3 of the thickness of the thinnest portion of said conductive separator 



6. The polymer electrolyte fuel cell as set forth in claim 1 , wherein said binder is an acid-resisting resin. 

7. The polymer electrolyte fuel cell as set forth in claim 1 , wherein said binder is a gastight elastic body having an 
acid resistance. 

8. The polymer electrolyte fuel cell as set forth in claim 7, wherein said gastight elastic body comprises a polymer 
elastic body including polyisobutylene represented by the formula (t ) or an ethylene propylene random copolymer 
represented by the formula (2) as a main-chain skeleton. 



where X and Y are polymerizable functional groups, and m is an integer not less than 1 representing repetition 
number of isobutylene oligomer. 
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CH 3 

X-CCHz-CH^CHz-CH^Y (2) 

where X and Y are polymerizable functional groups, and 1 and m are integers not less than 1 . 

9. The polymer electrolyte fuel cell as set forth in claim 2 or 3, wherein said composition comprises 20 to 45 wt% of 
binder, 50 to 74 wt% of conductive carbon particles, and 0.5 to 10 wt% of conductive carbon fine particles. 

10. The polymer electrolyte fuel cell as set forth in claim 9, further comprising 0.5 to 15 wt% of metallic filler. 

1 1 . The polymer electrolyte fuel cell as set forth in claim 2, wherein said micro-diameter carbon fibers partially protrude 
from surfaces of said separator plates. 

12. The polymer electrolyte fuel cell as set forth in claim 4, wherein the metallic filler exposed on surfaces of said 
20 separator plates has been removed. 

13. A method for manufacturing a conductive separator plate for use in a polymer electrolyte fuel cell, comprising the 
steps of: 

25 preparing molding pellets composed of a composition comprising a binder, conductive carbon particles withv 

an average particle diameter of 50 to 200 u.m, and at least one of conductive carbon fine particles and micro- 
diameter carbon fibers; and 
injection molding said pellets. 

30 14. The method for manufacturing a conductive separator plate for use in a polymer electrolyte fuel cell as set forth 
in claim 13. wherein the injection molding step is performed using a die made of a material having a thermal 
conductivity of not higher than 26 W/m/K and a surface hardness HRC of not less than 35 at 100°C. 

15. The method for manufacturing a conductive separator plate for use in a polymer electrolyte fuel cell as set forth 
35 jh claim 13, wherein the injection molding step is performed using a die comprising an inner surface coating layer 

made of a material having a thermal conductivity of not higher than 26 W/m/K and a surface hardness HRC of not 
less than 35 at 100°C. 

16. The method for manufacturing a conductive separator plate for use in a polymer electrolyte fuel cell as set forth 
40 in claim 14 or 15, wherein said die has micro-diameter carbon fibers attached to an inner surface thereof. 

17. The method for manufacturing a conductive separator plate for use in a polymer electrolyte fuel cell as set forth 
in claim 13, wherein said composition contains micro-diameter carbon fibers, and said method further comprises 
the step of exposing a part of said micro-diameter carbon fibers on a surface of the molded separator plate by 

45 removing the binder on the surface of said separator plate by heating. 

18. The method for manufacturing a conductive separator plate for use in a polymer electrolyte fuel cell as set forth 
in claim 13, wherein said composition contains a metallic filler, and said method further comprises the step of 
removing the metallic filler exposed on a surface of the molded separator plate. 

50 



55 



17 



NSDOCID: <EP 1351329A1 J_> 



EP 1 351 329 A1 



FIG. 1 13 




18 

JNSDOCID: <EP 1351329A1_I_> 



EP 1 351 329 A1 



F I G. 3 

23a 33 ?° ?2 23b 




NSDOCID: <EP 1351329A1_I_> 



19 



EP 1 351 329 A1 



F I G. 5 



55b 




54b 



55a 



54 a 



F I G. 6 



2000 




0 2000 4000 6000 8000 10000 
Operating time (hr) 



20 



BNSDOCID: <EP 1351329A1_I_> 



EP 1 351 329 A1 



F I G. 7 

1.2 I 



1 - 




0 I 1 » ' 1 1 

0 2000 4000 6000 8000 10000 
Operating time (hr ) 



NSOOCID: <EP 1351329A1_I_> 



21 



EP 1 351 329 A1 



INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/JP02/01275 


A. CLASSIFICATION OF SUBJECT MATTER 




Int. CI 7 H01M8/02, 8/10 





According to International Patent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 H01M8/02, 8/10 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1926-1996 Toroku Jitsuyo Shixian Koho 1994-2002 

Kr .u Jitsuyo Shinan Koho 1971-2002 Jitsuyo Shinan Toroku Koho 1996-2002 

Electrons database consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


EP 1011164 A2 (Nisshinbo Industries, Inc.), 


1,3,6,9,11 


y 


21 June, 2000 (21.06.00), 


4-5,7-8,10, 




Claims; page 3, line 14 to page 4, line 41 


13-15,17 


A 


& JP 2000-182630 A 


2, 12,16,18 




Claims; page 3, left column, line 23 to page 4, 






right column, line 28 




X 


JP 2000-82476 A (Hitachi Chemical Co., Ltd.)/ 


1,3,6,9,11 


Y 


21 March, 2000 (21.03.00), 


4-5,7-8,10, 




Claims; page 3, left column, line 4 to page 4, right 


13-15,17 


A 


column, line 23 


2,12,16,18 




(Family: none) 





| x \ Further documents are listed in the continuation of Box C. | | See patent family annex. 



* Special categories of cited documents: 

"A" document defining the general state of the art which is not 

considered to be of particular relev ance 
"E" earlier document but published on or after the international filing 
date 

*'L" document which may throw doubts on priority c]aim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"Cf document referring to an oral disclosure, use, exhibition or other 
means 

*P" document published prior to the international filing date but later 
than the priority date claimed 



"T later document published after the international Sling date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 

T document of particular relevance, the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

T* document of particular relevance; the d aimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 

"Sc." document member of the same patent family 



Date of the actual completion of the international search 
14 May, 2002 (14.05.02) 



Date of mailing of the international search report 
28 May, 2002 (28.05.02) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized officer 
Telephone No. 



Form PCT7ISA/210 (second sheet) (July 1998) 



22 



3NSDOCID: <EP 1351329A1J_> 



EP 1 351 329 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP02/01275 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 
Y 

A 


JP 2000-40517 A (Tokai Carbon Co., Ltd.), 
08 February, 2000 (08.02.00), 

Claims; page 3, right column, line 7 to page 4, 
right column, line 48 
(Family: none) 


1-3,6,9,11 
4-5,7-8,10, 
13-15,17 
12, 16, 18 


Y 


JP 10-334927 A (Owada Carbon Kogyo Kabushiki 
Kaisha) , 

18 December, 1998 (18.12.98), 

Claims; page 3, left column, lines 27 to 40 

(Family: none) 


4-5,10 


Y 


EP 1009052 Al (Matsushita Electric industrial 
Co., Ltd.), 

14 June, 2000 (14.06.00) , 
Claims 

£ J? 11-345620 A 


7-8 


Y 


JP 2000-331690 A (Tokai Carbon Co., Ltd.), 

30 November, 2000 (30.11.00), 

Claims 

(Family: none) 


13-15, 17 


Y 


Microfilm of the specification and drawings annexed 
to the request of Japanese Utility Model Application 
No. 136711/1989 (Laid-open No. 74913/1991) 
(Canon Inc. ) , 

26 July, 1991 (26.07.91), 
Claims 

(Family: none) 


14-15 


Y 


EP 933825 A2 (Toyota Jidosha Kabushiki Kaisha) , 
04 August, 1999 (04.08.99), 
Claims; column 3, lines 9 to 30 
& JP 11-204120 A 

Claims; page 3, right column, line 41 to page 4, 
left column, line 12 


17 


PrX 


JP 2001-126744 A (Osaka Gas Co., Ltd.), 
11 May, 2001 (11.05.01) , 
Full text 
(Family: none) 


1-3,6,9,11 


p,x 


JP 2001-236966 A (Kawasaki Steel Corp.), 
31 August, 2001 (31.08.01), 
Full text 
(Family: none) 


1-3,6,9,11 


E,X 


JP 2002-83608 A (Nippon Steel Chemical Co., Ltd.), 
22 March, 2002 (22.03.02), 
Full text 
(Family: none) 


1-2,6,9,11 



Form PCT/ISA/210 (continuation of second sheet) (July 1998) 



23 



1351329A1J_> 



EP 1 351 329 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP02/01275 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 
1. Q Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. j^j Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such an 
extent that no meaningful international search can be carried out, specifically: 
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because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 
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Where a group of inventions is claimed, the requirement of unity 
of invention shall be fulfilled only when there is a special technical 
feature which links the group of inventions so as to form a single general 
inventive concept. Inventions according to claims 1 to 18 are found 
to be linked in a matter that an electroconductive separator plate of 
a polymer electrolyte type fuel cell comprises a plate formed from a 
composition containing a binder, electroconductive carbon particles 
having an average particle diameter which is 50 um or more and not more 
than 1/3 of the thickness of the thinnest part of the electroconductive 
separator plate, and at least one type of electroconductive fine carbon 
particles ("fine carbon particles" described in claim 1 is qualitative 
and unclear as to what carbon particles are specified) and 
electroconductive carbon fibers having a fine diameter ("fine diameter" 
described in claim 1 is qualitative and unclear as to what carbon fibers 
are specified) . However, the matter is not a special technical feature, 
because it has been disclosed in prior art references, for example, 
Document 1:EP 1011164 A2 (Nisshinbo Industries, Inc.) 2000. 06. 21, 
Claims , page 3, line 14 to page 4, line 47; and 
JP 2000-182630 A, Claims, page 3, left column, 
line 23 to page 4, right column, line 28; 
Document 2:JP 2000-82476 A (Hitachi Chemical Co., Ltd) 2000. 03. 21, 
Claims, page 3, left column, line 4 to page 4, 
Right column, line 23 (no patent family) ; and 
Document 3 : JP 2000-40517 A (Tokai Carbon Co., Ltd) 2000. 02. 08, 
Claims, page 3, right column, line 7 to page 4 f 
Right column, line 48 (no patent family) . 
Accordingly, there is no special technical feature among a group 
of inventions according to claims 1 to 18 which links them so as to form 
a single general inventive concept- Therefore, it is clear that a group 
of inventions according to claims 1 to 18 does not comply with the 
requirement of unity of invention. 

The number of groups of inventions described in the scope of claims 
in this international application which are so linked as to form general 
inventive groups, that is, the number of inventions is considered in 
the following. 

Claim 1 and claims 2, 3, 4, 6 and 7 defined by referring to clam 
1 are linked in a matter that an electroconductive separator plate of 
a polymer electrolyte type fuel cell comprises a plate formed from a 
composition containing a binder, electroconductive carbon particles 
having an average particle diameter which is 50 um or more and not more 
than 1/3 of the thickness of the thinnest part of the electroconductive 
separator plate, and at least one type of electroconductive fine carbon 
particles and electroconductive carbon fibers having a fine diameter. 
However, the matter is not a special technical feature, because it has 
been disclosed in the above prior art Documents 1 to 3 etc. Therefore, 
each of the above claims describes a separate invention. 

claims 13 to 18 have been found to be so linked as to form a single 
general inventive concept, since the claims have a special technical 
feature that a method for manufacturing an electroconductive separator 
plate which comprises preparing pellets for molding comprising a 
composition containing a binder, electroconductive carbon particles 
having an average particle diameter of 50 to 200 um, and at least one 
type of electroconductive fine carbon particles and electroconductive 
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carbon fibers having a fine diameter, and subjecting the pellets to 
injection molding. 

Accordingly, the scope of claims in this international application 
describe seven inventions classified into claim 1, claims 2 and 9 to 
11, claim 3, claims 4,5 and 12, claim 6, claims 7 to 8, and claims 13 
to 18 
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